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Background 

Suppressor of cytokine signaling genes (SOCS) are regarded as pivotal negative feedback 
regulators of cytokine signals, including the interferon-gamma (IFN-y), granulocyte-col- 
ony stimulating factor, and interleukin families, released by T cells. A detailed under- 
standing of the involvement of SOCS genes in graft-versus-host disease (GVHD) is critical 
to effectively manage GVHD, yet their expression patterns among recipients remain large- 
ly unexplored. 

Methods 

Expression levels of SOCSI and SOCS3 were determined by real-time quantitative reverse 
transcription PCR (qRT-PCR) in patients with acute GVHD (aGVHD) and chronic GVHD 
(cGVHD), in a severity-dependent manner, after allogeneic hematopoietic stem cell trans- 
plantation (HSCT). A total of 71 recipients with AML (N=40), ALL (N=12), myelodys- 
plastic syndromes (MDS; N = 10), chronic myelogenous leukemia (CML; N=2), severe 
aplastic anemia (SAA; N=5), or others (N=2), who received allogeneic HSCT from human 
leukocyte antigen-identical siblings or unrelated donors between 2009 and 201 1 , were 
included in the present study. 

Results 

Overall, the expression levels of SOCS1 decreased in recipients with grade II to IV aGVHD 
and cGVHD when compared to normal donors and non-GVHD recipients. Interestingly, 
the expressions of SOCS1 decreased significantly more in cGVHD than in aGVHD recipi- 
ents (P=0.0091). In contrast, SOCS3 expressions were similarly reduced in all the 
recipients. 

Conclusion 

This is the first study to show thatSOCS7 and SOCS3 are differentially expressed in recipi- 
ents following allogeneic HSCT, suggesting a prognostic correlation between SOCS genes 
and the development of GVHD. This result provides a new platform to study GVHD im- 
munobiology and potential diagnostic and therapeutic targets for GVHD. 

Key Words Suppressor of cytokine signaling proteins, Graft vs. host disease, 
Quantitative real-time polymerase chain reaction, Allogeneic 
transplantation 



INTRODUCTION 

Graft-versus-host disease (GVHD) is one of the main causes 
of death in patients undergoing allogeneic hematopoietic 



stem cell transplantation (HSCT) in hematologic malig- 
nancies, including acute myeloid leukemia (AML), acute 
lymphocytic leukemia (ALL), and myelodysplastic syn- 
dromes (MDS) [1, 2]. GVHD can be divided into acute GVHD 
(aGVHD) and chronic GVHD (cGVHD). aGVHD is caused 
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by donor T cell-mediated recognition in response to recipient 
nonhematopoietic antigen presenting cells, especially den- 
dritic cells. In consequence, in the immune reaction, alloanti- 
gens are presented to alloreactive T cells with huge amounts 
of cytokines [3, 4]. Unlike aGVHD, cGVHD is generated 
by thymic damage, production of aberrant B cells, defective 
function of T cells, along with cytokine dysregulation [5]. 
Numerous approaches have been applied as part of trans- 
plantation protocols in order to inhibit the occurrence of 
GVHD, such as T cell depleted donor grafts, pharmacological 
agents, infusion of regulatory T cells, and gene expression 
profiling of T cell subsets from donors [6-10]. However, 
the incidence of aGVHD remains high, at over 60%, while 
50-70% of recipients develop cGVHD [2, 11]. 

Recently, Nishimori et al. [8] demonstrated that immune 
cell-related cytokines, which aid differentiation into effector 
T cells (e.g. Thl, Th2, and Thl7), may also function as key 
modulators in GVHD [8, 12, 13], and their activities can 
be attenuated by suppressor of cytokine signaling (SOCS) 
proteins [14]. SOCS proteins are inhibitors of cytokine signal- 
ing pathways and are key physiological regulators of both 
innate and adaptive immunity. The cytokine inducible 
SH2-containing (CIS) SOCS family contains 8 members (CIS 
and SOCS1-SOCS7), each of which has a central SH2 domain, 
an N- terminal domain of variable length and sequence, and 
a 40-amino-acid C-terminal module called the SOCS box 
[15]. In particular, the role of SOCS1 and SOCS3 in Toll-like 
receptor immune responses has been extensively investigated 
[16, 17]. Furthermore, previous studies have shown the po- 
tential for enhancing T-cells in tumors by high-level tran- 
scription of SOCS genes that result in the inhibition of SOCS 
proteins and cytokines, including interferon gamma (IFN-y) 
[18, 19]. Knockout experiments with SOCS 1 -deficient mice 
revealed that SOCS are linked to immune-related cytokines, 
such as IFN-y and interleukin 6, and to defects in T cell 
homeostasis [20] . Moreover, SOCS are also key regulators 
of aGVHD pathology via a cytokine storm and act to enhance 
Thl cell activation [21]. Of particular note, SOCS genes 
have well-documented therapeutic effects and are therefore 
promising candidates for the treatment of hematologic malig- 
nancies, such as leukemia and solid-organ transplantation 
[22-24]. 

Despite increasing evidence for the importance of SOCS 
in governing immune mechanisms to control GVHD, wheth- 
er SOCS are coordinately expressed in recipients after alloge- 
neic HSCT remains unknown. In this study, we investigated 
the expressions of SOCS1 and SOCS3 in adult recipients 
with aGVHD and cGVHD who received allogeneic HSCT, 
and examined the feasibility of SOCS as promising ther- 
apeutic targets and prognostic predictors in GVHD. 

MATERIALS AND METHODS 

Human blood sampling and preparation 

All experiments were performed with authorization from 
the Institutional Review Board for Human Research at the 



Catholic University of Korea. All blood samples were col- 
lected from post-HSCT recipients, who were initially diag- 
nosed with one of the hematologic diseases designated by 
the World Health Organization. In addition, peripheral blood 
was donated from a set of healthy transplant donors (N=55). 
Heparinized blood samples were obtained from all transplant 
recipients within 1 week of GVHD development, and on 
the day of transplantation from all donors. Mononuclear 
cells were isolated by overlaying the blood samples on a 
Ficoll-Hypaque gradient (density, 1.077; Lymphoprep; Gibco- 
BRL, Carlsbad, CA, USA), followed by centrifugation at 400 
xg for 30 min. The buffy coats were harvested and washed 
twice with phosphate-buffered saline (pH 7.4). 

Clinical characteristics 

Clinical characteristics of the recipients and donors en- 
rolled in this study are detailed in Table 1. A total of 71 
recipients with AML (N=40), ALL (N=12), MDS (N=10), 
chronic myelogenous leukemia (CML; N=2), severe aplastic 
anemia (SAA; N=5), or others (N=2), who received allogeneic 



Table 1. Characteristics of recipients and donors. 



Characteristic 


Value 


Number of recipients, N 


71 


Recipient age, y, median (range) 


41 (16-66) 


Donor age, y, median (range) 


29 (11-65) 


Recipient gender, male/female, N (%) 


40 (56.3)/31 (43.7) 


Donor gender, male/female, N (%) 


25 (45.5)/30 (54.5) 


aGVHD/cGVHD, N (%) 


18 (25.4)/17 (23.9) 


Graft source: BM/PBSC, N (%) 


32 (45.1 )/39 (54.9) 


Donor type: sibling/unrelated, N (%) 


35 (49.3)/36 (50.7) 


Conditioning regimen: 


56 (78.9)/15 (21.1) 


TBI-based/non-TBI-based, N (%) 




Conditioning intensity: MAC/RIC, N (%) 


51 (71.8)/20 (28.2) 


ATG given as conditioning, yes/no, N (%) 


27 (38.0)/44 (62.0) 


Diagnosis, N (%) 




AML, N (%) 


40 (56.3) 


M1 


6 


M2 


5 


M4 


12 


M5a 


1 


M6 


4 


M7 


1 


MLD 


3 


Non classification 


8 


ALL, N (%) 


12 (16.9) 


ph + 


8 


pre B 


3 


Tcell 


1 


MDS, N (%) 


10 (14.1) 


SAA, N (%) 


5 (7.0) 


CML, N (%) 


2 (2.8) 


Other disease, N (%) 


2 (2.8) 



Acute GVHD: graded according to organ-specific symptoms within 
1 00 days after HSCT. 

Abbreviations: AML, acute myelogenous leukemia; ALL, acute 
lymphoblastic leukemia; ATG, antithymocyte globulins; BM, bone 
marrow; MDS, myelodysplastic syndrome; CML, chronic myelo- 
genous leukemia; PBSC, peripheral blood stem cell; TBI, total body 
irradiation; SAA, severe aplastic anemia; MAC, myeloablative 
conditioning; RIC, reduced-intensity conditioning. 
I 
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Table 2. Primer and probe sequences used for qRT-PCR. 






Gene 


Primer/Probe 


Sequence (5 — >3') 


GenBank Accession No. 




SOCS1 


Forward 


ACCTTCCTGGTGCGCGAC 


NM_003745 






Reverse 


AGGCCATCTTCACGCTAAGG 








Probe 


CCGCCAGCGGAACTGCTTTTTCG 






SOCS3 


Forward 


CCCCCAGAAGAGCCTATTACATCT 


NM_003955 






Reverse 


GCTGGGTGACTTTCTCATAGGAG 








Probe 


TCCAGGTGGCCGTTGACGGTCTTCCGACA 






ABU 


Forward 


TGGAGATAACACTCTAAGCATAACTAAAGGT 


NM_007313 






Reverse 


GATGTAGTTGCTTGGGACCCA 








Probe 


CCAI I I I I GGTTTGGGCTTCACACCATT 

















HSCT from human leukocyte antigen-identical siblings or 
unrelated donors between 2009 and 2011, were included 
in the present study. 

Clinical record and GVHD grading 

Diagnoses of aGVHD and cGVHDs were determined as 
described previously, based on consensus criteria [25, 26]. 
The classification of aGVHD was determined by its severity 
as no (none GVHD and grade I), grade II, and grade III-IV. 
Based on clinical impressions of its overall severity, cGVHD 
was classified from mild-moderate to severe. Recipients with- 
out GVHD after HSCT were classified into the none-GVHD 
group. Methylprednisolone was administered at 2-4 mg/kg/ 
day for 4-7 days with a gradual taper to treat aGVHD graded 
II or more. Skin, rectal, stomach, or duodenal biopsies were 
performed in order to confirm the GVHD diagnoses [27]. 
The treatment of cGVHD was also variable; in accordance 
with National Institute of Health recommendations, the mild 
type was treated with topical immunosuppressants, whereas 
both moderate and severe types were treated with a calci- 
neurin inhibitor and systemic steroids [28]. 

Real-time quantitative reverse transcription PCR (qRT- PCR) 
analysis 

Since no data regarding the levels of SOCS genes of the 
recipients were available, we performed qRT-PCR of the 
blood samples from all recipients and donors in this study 
in order to investigate whether SOCS1 and SOCS3 expression 
levels were associated with any post-HSCT complications, 
such as aGVHD and cGVHD. Total RNA was extracted from 
mononuclear cells using the TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA). The RNA samples were treated with 
RNase-free recombinant DNase I (Roche, Mannheim, Ger- 
many) and subjected to reverse transcription using the 
Transcriptor First-Strand cDNA Synthesis kit (Roche). cDNA 
synthesis was achieved by incubating at 25°C for 10 min 
and at 42°C for 60 min, after which the reaction was in- 
activated by heating at 99°C for 5 min. The qRT-PCR re- 
actions and fluorescence measurements were performed us- 
ing a LightCycler 480 Real-Time PCR system (Roche). The 
probe was labeled at its 5' end with 6-carboxy-fluorescein 
reporter dye and at its 3' end with 6-carboxy-tetramethyl- 
rhodamine, as a quencher. The qRT-PCR primers and probes 



for SOCS1, SOCS3, and ABL1 (control gene used for normal- 
ization), are listed in Table 2. Quantitative amplification 
was performed using the following parameters: denaturation 
at 95°C for 10 min, followed by 50 cycles of denaturation 
at 95°C for 10 s, and annealing and elongation at 60°C for 
30 s, with a final cooling step at 40°C for 30 s. All the 
sample analyses were performed in triplicate. 

Statistical analysis 

All results are presented as mean±standard error of the 
mean (SEM) values. Statistical analyses of more than 2 groups 
were performed using one-way analysis of variance (ANOVA). 
The difference in the frequency of each gene between donors 
and recipients was analyzed using a two-tailed Wilcoxon 
matched-pairs signed rank f-test. Values of P<0.05 were 
deemed to indicate statistical significance. All calculations 
were performed using the GraphPad Prism 5 software 
(version 5.0.3; GraphPad Software Inc., San Diego, CA, USA). 

RESULTS 

Expression of SOCS/ and SOCSS 

Of the 71 HSCT recipients with successful engraftment 
evaluated, 18 (25.4%) developed grade II to IV aGVHD: 
14 (77.8%) with grade II and 4 (22.2%) with grade III-IV. 
cGVHD developed in 17 (23.9%) of the recipients evaluated. 
Our data showed that SOCS1 expression marginally increased 
in the none-GVHD group compared to normal donors 
(P=0.0763). Interestingly, SOCS3 expression decreased in 
the none-GVHD group (.P=0.0763). Results of the one-way 
ANOVA showed significant effects of the SOCS1 and SOCS3 
genes for the normal donor, none-GVHD, grade II-IV 
aGVHD, and cGVHD groups (^=0.0020 and P=0.0057, re- 
spectively). The expression level of SOCS1 decreased in the 
cGVHD, unlike that in the none-GVHD group (P=0.0419), 
and was significandy lower in cGVHD than in aGVHD recip- 
ients (P=0.0091) (Fig. 1A, left panel). Meanwhile, a statistical 
difference of SOCS3 expression was detected in both the 
aGVHD and cGVHD groups (P=0.0251 and P=0.0166, re- 
spectively), when compared to normal donors (Fig. 1A, right 
panel). 
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Fig. 1. Comparison of SOCS genes in normal donors and GVHD recipients post HSCT. Mononuclear cells (MNCs) from recipients were isolated and 
subjected to qRT-PCR. (A, left) Data showed that the none-GVHD group (N=21) exhibited a significantly higher level of SOCS1 expression 
compared to the cGVHD group (N = 1 7). (A, right) SOCS3 expression levels were low in the grade ll-IV aGVHD (N = 18), cGVHD, and none-GVHD 
groups compared to normal donors (N = 55). (B) SOCS1 and SOCS3 expression levels in grade II aGVHD (N = 14) differed significantly compared 
to those in normal donors. (C, left) SOCS1 expression differed significantly between the severe cGVHD (N = 10) and the none-GVHD groups. (C, 
right) SOCS3 expression was lower in the mild-moderate cGVHD (N = 7) group than in the none-GVHD and severe cGVHD groups. P values in (A-C) 
indicate significant differences relative to each comparison group. 



Expression of SOCS I and SOCS3 based on the severity of 
aGVHD and cGVHD 

We further analyzed the expression levels of SOCS genes 
in terms of the severity grade of aGVHD, in which no 
(none+grade I), grade II, grade III-IV, and cGVHD were 



graded from mild-moderate to severe. The SOCS1 and SOCS3 
genes showed significant effects on GVHD severity (P= 
0.0028 and P=0.0065, respectively). SOCS1 expression was 
lower in grade II aGVHD recipients and higher in no aGVHD 
recipients than in the normal donors (P=0.0090 and P= 
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Fig. 1. Continued. 
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0.0112, respectively; Fig. IB, left panel). Meanwhile, SOCS3 
expression was significantly lower in the grade II and no 
aGVHD groups than in the normal donors (P=0.0465 and 
P=0.0117, respectively), but showed less reduction in the 
grade III-IV aGVHD group (Fig. IB, right panel). 

We further investigated the expression of SOCS genes in 
terms of severity of cGVHD. The effects of SOCS1 and SOCS3 
on cGVHD severity were significant (P=0.0186 and P=0.0179, 
respectively). The only significant difference in SOCS1 ex- 
pression was found in the comparison between the severe 
cGVHD and the none-GVHD groups (P=0.0060; Fig. 1C, left 
panel), suggesting that severe cGVHD is closely associated 
with SOCS1 gene regulation. As shown, SOCS1 expression 
was clearly lower in the mild-moderate cGVHD subgroup 
than in the none-GVHD group, although this difference was 
not significant due to the small number of samples. We noted 
a marginally significant difference in SOCS1 expression levels 
between severe cGVHD and normal donors (.P=0.0583). In 
contrast, SOCS3 expression did not differ between any of 
the groups compared, except for a marginally significant differ- 
ence between severe cGVHD and normal donors (P=0.0523; 
Fig. 1C, right panel). Overall, SOCS3 expression decreased 
relatively less with increasing severity of both aGVHD and 
cGVHD, implying the presence of a highly dynamic molecular 
interaction between the development of GVHD and the regu- 
lation of SOCS1/SOCS3 genes post-HSCT. 

DISCUSSION 

Prevention of GVHD after allogeneic HSCT has been ex- 



tensively investigated in the past decade [6-9]. A successful 
engraftment of normal hematopoietic stem cells without re- 
jection and/or severe GVHD should be a goal for all proce- 
dures involving allogeneic HSCT. To achieve this, various 
cytokines that can regulate donor-derived T cell immune 
activation need to be balanced prior to GVHD occurrence 
after HSCT [13]. In particular, immune suppressor cytokines, 
which are regulated by SOCS family genes, may play an 
important role in the various pathophysiological events that 
occur following allogeneic HSCT, as indicated by animal 
studies [21, 24]. Results of previous animal studies on the 
role of SOCS genes led us to question whether some of 
these negative regulators of cytokines, SOCS1 and SOCS3, 
may be involved in the development of GVHD by T- and/or 
B-cell activation. Understanding how SOCS genes are differ- 
ently regulated across various subsets of disease severity 
would be essential for the development of therapeutic targets 
for treatment. 

We found that SOCS1 and SOCS3 expression levels were 
differentially regulated after allogeneic HSCT. These data 
were all obtained independently from qRT-PCR experi- 
ments, and all genes were normalized to the ABL1 gene 
in this study, as shown in Table 3. The remarkably contrasting 
expression levels of the 2 genes in non-GVHD recipients 
indicate that the molecular machinery of SOCS1 and SOCS3 
genes show different interactions in terms of regulatory bal- 
ance and severity of development of aGVHD and cGVHD, 
indicating incomplete negative feedback for cytokines in 
specific GVHD conditions. The relatively maintained level 
of SOCS1 gene expression in the none-GVHD group com- 
pared to normal donors suggests that stable expression of 
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Table 3. Expression levels of SOCS1 and SOCS3 genes in recipients with or without graft-versus-host disease. 














Mean±SEM 


pa) 


Mean±SEM 


pa) 


Normal donors (N = 55) 


13.68±8.60 


0.0020 


105.23±31.52 


0.0057 


None GVHD (N=21) 


26.60±1 1 .98 




43.89±15.37 




Grade ll-IV aGVHD (N = 18) 


9.10±2.53 




32.93±12.36 




cGVHD (N = 17) 


4.75±1.99 




58.75±37.67 




Normal donors (N = 55) 


13.68±8.60 


0.0028 


105.23±31.52 


0.0065 


No (none+Grade I) aGVHD (N = 36) 


18.48±7.1 7 




35.94±9.41 




Grade ll-IV aGVHD (N = 18) 


Grade II (N = 14) 8.19±2.17 




22.85±5.33 






Grade lll-IV (N=4) 3.92±1.58 




63.47±53.57 




Normal donors (N = 55) 


13.68±8.60 


0.0182 


105.23±31.52 


0.01 79 


None GVHD (N=21) 


26.60±1 1 .98 




43.89±15.37 




cGVHD (N = 17) 


Mild-Moderate (N = 7) 9.60±5.80 




25.91 ±5.12 






Severe (N = 10) 2.47±0.90 




74.21 ±55.48 




Normal donors vs. 


None GVHD 


0.0763 




0.0763 


Normal donors vs. 


Grade ll-IV aGVHD 


0.1832 




0.0251 


Normal donors vs. 


cGVHD 


0.1 785 




0.0166 


None GVHD vs. 


Grade ll-IV aGVHD 


0.6265 




0.6265 


None GVHD vs. 


cGVHD 


0.0419 




0.9723 


Grade ll-IV aGVHD vs. 


cGVHD 


0.0091 




0.3986 


Normal donors vs. 


No (none+Grade I) aGVHD 


0.0112 




0.0117 


Normal donors vs. 


Grade II 


0.0090 




0.0465 


Normal donors vs. 


Grade lll-IV 


0.6250 




0.4375 


No (none+Grade I) aGVHD vs. 


Grade II 


0.6982 




0.8160 


No (none+Grade I) aGVHD vs. 


Grade lll-IV 


0.8125 




0.8125 


Grade II vs. 


Grade lll-IV 


0.6250 




0.8125 


Normal donors vs. 


None GVHD 


0.0763 




0.0763 


Normal donors vs. 


Mild-Moderate 


0.7422 




0.6406 


Normal donors vs. 


Severe 


0.0583 




0.0523 


None GVHD vs. 


Mild-Moderate 


0.8438 




0.1953 


None GVHD vs. 


Severe 


0.0060 




0.7764 


Mild-Moderate vs. 


Severe 


0.1953 




0.7422 


Statistical analyses of more than 2 { 


;roups were performed using one-way analysis of variance (ANOVA), 


and continuous 


variables were 


analyzed using a two-tailed Wilcoxon matched-pairs signed rank t-test. 








Abbreviations: aGVHD, acute graft-versus-host disease; cGVHD, chronic GVHD. 









SOCS1 may reduce the development of GVHD by inhibiting 
cytokine storm, as well as sustained engraftment of normal 
hematopoiesis under a certain degree of regulatory power. 
However, SOCS3 showed the completely opposite response. 
In contrast to SOCS1, SOCS3 expression was markedly de- 
creased in the none-GVHD group compared to normal do- 
nors, suggesting that different molecular mechanisms under- 
lie the activities of SOCS1 and SOCS3, and further implying 
incomplete negative feedback of cytokines under particular 
GVHD conditions. In addition, SOCS1 expression tended 
to decrease with increasing severity of aGVHD and cGVHD 
compared to no (none+grade I) or none GVHD, which sug- 
gested that cytokine storming was induced by failure of 
SOCS1 stimulation in the aGVHD group, leading to rapid 
functional dysregulation of the interaction between cyto- 
kines and the SOCS1 gene. Although the difference was 
not significant, expression levels of SOCS3 showed a rela- 
tively lower pattern of decrease with increasing severity 
of both aGVHD and cGVHD, implying that SOCS3 is essential 



for the regulation of GVHD. In addition to highlighting 
the relevance of these genes for steroid administration in 
aGVHD, these results were further confirmed by using the 
no GVHD group as a control, which combined the none- 
GVHD group with the grade I group. 

However, the present study is somewhat limited, as clinical 
relevance of these results could not be established due to 
the small number of patients, although drug treatments com- 
monly start from grade II of aGVHD. More defined clinical 
outcomes will likely emerge with the accumulation of further 
studies correlating SOCS genes with the occurrence of 
aGVHD. Among the 18 aGVHD patients analyzed in this 
study, we found only 1 case of acute/chronic overlap syn- 
drome, which was intentionally excluded to facilitate inter- 
pretation of the data. Together, these findings suggest that 
the SOCS1 and SOCS3 genes appear to inhibit cytokine sig- 
naling by different mechanisms in aGVHD and cGVHD. 
Previous GVHD studies with animal models have shown 
associations between SOCS1 and SOCS3 and immune dis- 
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orders by T cell activation in GVHD [8, 12, 13, 21]. Although 
some studies have shown that SOCS3 l/IU:k T cells exacerbate 
scleroderma GVHD in mice in a cytokine dependent manner, 
suggesting the importance of SOCS3 for GVHD [21], our 
data showed a pattern of increased SOCS3 expression in 
severe cases of cGVHD. This may be due to individual varia- 
tion resulting from differences in the specific medical treat- 
ments applied or in the species' genetic backgrounds. This 
study is the first to investigate expression patterns of both 
SOCS1 and SOCS3 in human GVHD recipients. Due to their 
suppressive properties on immune cells as demonstrated in 
recent studies, SOCS genes are emerging as potential ther- 
apeutic targets for several diseases, including GVHD [22-24]. 

Among members of the SOCS family, SOCS1 and SOCS3 
have been shown to contain a kinase inhibitory receptor 
(KIR), based on a knockout system applied to KIR-conaining 
SOCS members, implying the importance of KIR domains 
in immune systems [18, 19]. Therefore, we focused on the 
SOCS1 and SOCS3 genes in this study. Regulation of SOCS 
family proteins can occur at the transcriptional level as well 
as at the translational and post-translational levels. Further- 
more, transcription of these genes can be initiated by cyto- 
kines, suggesting the importance of gene expression in direct 
cytokine regulation [18, 19]. Of particular note, recent studies 
have suggested that SOCS molecules might interact with 
other SOCS members, for example SOCS2 and CIS molecules 
could aid in the degradation of SOCS1 and SOCS3, or transla- 
tional regression from other proteins may induce the regu- 
lation of SOCS genes, implying a counter-regulated function 
[29, 30]. Therefore, further study of the cross-modulation 
of these molecules will inform therapeutic strategies for the 
effective prevention of GVHD or the frequently encountered 
cases of aggressive GVHD progression after its initial develop- 
ment. Further evaluation of regulatory balances of SOCS1 
and SOCS3 in specific transplant cases or under conditioning 
regimens, such as myeloablative conditioning (MAC), or re- 
duced-intensity conditioning of aUogeneic HSCT based on 
anti-thymocyte globulin, are needed to reveal the direct 
contribution of cytokine feedback mechanisms for GVHD. 
In addition, the statistically significant levels of SOCS genes 
in GVHD found in this study (Fig. IB and C) should be 
verified in future studies using higher sample sizes, similar 
distributions of each subgroup of GVHD, and other influen- 
tial clinical parameters. Moreover, future studies should aim 
to determine whether or not the expression levels of SOCS 
genes are tightly regulated in a severity-dependent manner 
in GVHD with hematologic diseases. 

In conclusion, we present the first report that SOCS1 
and SOCS3 are differentially expressed in recipients after 
allogeneic HSCT, suggesting a prognostic correlation be- 
tween SOCS genes and the development of GVHD. These 
results, along with those of future studies, will shed light 
on the possibility of SOCS genes as good candidates for devel- 
oping new diagnostic and therapeutic tools for GVHD after 
aUogeneic HSCT. 
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